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IMPROVED ELECTROCHEMICAL BIOSENSOR TEST STRIP

Field of the Invention ’

- This invention relates to a biosensor and its use in the detectlon or measurement of

;malytes in fluids.

Background of the Invention

The prior art includes test strips, including electrochemical biosensor test strips,
for measuring the amount of an analyte in a fluid.

Partxcular use of such test strips has been made for measuring glucose in human

blood. Such test strips have been used by diabetics and health care professionals for

‘monitoring their blood glucose levels. The test strips are usually used in conjunction with

a meter which measures light reflectance, if the strip is designed for photometric
detection of a dye, or which measures some electrical property such as electncal current,

. lf the strip is designed for detection of an electroactive compound.

However, test strips that have been prevxously made present certain problems for

" individuals who use them For example, test strips are relatlvely small and a vision

unpan'ed dlabetxc may have great difficulty properly addmg a sample of blood to the _
sampl_e application area of the test strip. It would be useful for the test strip to be made so

- that vision impaired persons could easily dose the test strip.

When the test strip is a capillary fill device, that is, when the chemical reaction

- chamber of the test stnp isa capxllary space, particular problems can occur with ﬁllmg the

" "chamber smoothly and sufficiently with the liquid sample to be tested. Due to the

25
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smallness of the caplllary space and the composmon of materials used to make the test

' stnp, the test sample may hesitate entering the capillary reaction chamber. Further,

insufficient sample may also be drawn into the cepillary reaction chamber, thereby

resulting in an inaccurate test result. It would be very useful if such problems could be
- : - . l. ’ - . ’ » " .

" Finally, test strips, especially those used by diabetics for m_eas\ning blood glucose

are mass produced. Processes, such as mechanical punching, used to make these test

 strips can cause a test reagent that has been dried onto a surface of the testing area to
‘crack or break, thereby. causing reagent loss or improper placement of the heagent within

.
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steps, such as mechanical punchmg '
'I'he electrochemical, biosensor test stnp of the present invention provrdes
solutions to these above-stated problems found in prior art test stnps.

Summary of the Invention

: The 1nvent10n isan 1mproved electrochemrcal biosensor test strip with four 1 new,

_highly advantageous features.

:  The ﬁrst new feature is an indentation along one edge of the test stnp for easy .
rdentrﬁcanon of the sample application port for vision 1mpa1red persons or for use m Zero
or low lighting conditions.

The test strip has a capillary test chamber, and the roof of the test chamber .
mcludes the second new feature of the biosensor test strip. The second new feature is a
transparent or translucent window which operates as a “fill to here line, thereby
identifying when endugh test sample (a liquid sample, such as blood) has been added to

. the test chamber to accurately perform a test. The window defines the minimum sample

amount, or dose, required to accurately perfonn a test, and, therefore, represents a visual
failsafe which reduces the chances of erroneous test results due to underdosing of a test
strip. |

The length and width of the wmdow are shorter than the length and width of the
caprllary test chamber. The wrndow 1s dimensioned and posmoned so that it overlays the

- entire w_xdth_of the working el_ectrode and at least about 10% of the width of the counter or

25
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 reference electrode of the biosensor test strip. ,Preferably, the area of the roof s_urrounding

‘the window is colored in a way that provides good color contrast between the sarnple,
“observed through the window, and the roof area surrounding the window for case of
1dent1fy1ng sufficient dosing of the stnp ’ ,

The third new feature of the test stnp is the inclusion of a notch, or multxple

' notches, located at the sample application port. A notch is created in both the first

msulatmg substrate and the roof of the strip. These notches are dimensioned and
posmoned so that they overlay one another in the test strip. These notches reduce a
phenomenon called “dose hesitation”. When a sample is added to the sample application

port of a notchless strip, the sample'can hesitate in its introduction into the capillary test

2.
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chamber. This “dose hesitation” adds to the testing time. When the test strip includes a

- notch, dose hesitation is reduced. Further, including the xiotch in both the first insulé_ting
' Substréte ‘and the roof makes it possible for the test sample to approach the sample -

. application b(ért from a wide variety of angles. The angle of approach for the test sample

would be more limited if the notch were only in the roof.
* * Finally, the fourth new feature of the test strip is a reagent that includes
polyethylene oxide from about 100 kilodaltons to about 900 kilodaltons mean molecular

weight at concentrations from about 0.2% (weight:weight) to about 2% (weight: weight),

which makes the dried reagent more hydrophilic and sturdier. With the inclusion of
pé_lyéthylene oxide, the test reagent can more readily withstand mechanical punching °
during strip assembly and mechanical manipulation by the user of the test strip. Furthér,
the dried reagent, which will include from about 1.75% (weight:weight) to about 17.5%

: (weightfw’eig_ht) pblyethylene oxide, can easily redissolve, or resuspend, when an aqueous

test sample is added to the strip’s test chamber.

W&
- Fig. 1is an exploded view of a preferred embodlment of the present mventlon
Fig: 2 shows a fully assembled, preferred test stnp 7 ,
Figs. 3a-3i represent a preferred method Qf making the inventive test strip.
Fig. 4 is a cross sectional view of the test strip of Fig. 2 through line 28-28.
Fig. 5 is a cross sectional view of the test strip of Fig. 2 through line 29-29.
" Fig. 6 llustrates hypothetical calibration cutves for different lots of test strips.

Déséription'of the Invention -

" The components of a preferred embodiment of the present inventive Bioséds)br are

_  shownin Figures 1,2, 4 and 5 The biosensor includes first insulating subsu'ate which
| has first surface 22 and second surface 23. Insulating substrate 1 may be made ofany

useful insulating material. Typically, plastics, such as vinyl polyiners, polyimides,
polyesters, and styrenics provide the eléctrical and structural properties which are desired.
First insulating substrate l further includes indentation 2, notch 3, and vent hole 4.

- Because the biosensor shown in Fig. 1 is intended to be mass produced from rolls of

material, necessitating the selection of a material which is:sufﬁciently flexible for roll

3
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" biosensor, a particularly preferred first insulating sul)strate 1 is 7 mil thick MELINEX 329

plastic, a polyester available from ICI Films (3411 Silverside Road, PO Box 15391,
Wilmington, Delaware 19850). o B

As shown in Fig. 1, electrically conductrve tracks Sand 6 are laid down onto first
surface _2_2_ of first insulating substrate 1 . Track 5 may be a workmg_ electrode, made of

electrically conducting materials such as palladium, platinum, gold, carbon, and titanium.

 Track 6 may be a counter electrode, made of electrically conductmg materials such as

V_palladrurn, platinum, gold, silver, silver containing alloys nickel-chrome alloys, carbon,

titanium, and copper. Noble metals are preferred because they provide a more _constant,

reproducible electrode surface. Palladium is particularly preferred because it is one of the

more difficult noble metals to oxidize and because it is a relatively inexpensive noble

~ metal.

Preferably, electncally conductive tracks Sand 6 are deposxted onan 1nsulat1ve
backing, such as polyimide or polyester, to reduce the possrblllty of tearing the electrode
material during handling and ‘manufacturing of the test strip. "An example_of such

" conductive tracks is a palladium coating with a surface resistance of less than 5 ohms per

square on UPILEX polyimide backing, available ﬁ'or_n’Courtalds-Andus Performance
Films in Canoga Park, California. .
" Electrically conductive tracks 5 and 6 represent the electrodes of the biosensor test

; strip _These electrodes must be sufficiently separated so that the electrochemrcal events at

one electrode do not interfere w1th the electrochemrcal events at the other electrode ‘The
preferred dxstance between electrodes 5 and 6 is about 1.2 rmlhmeters (mm)

In the test strip shown in Fig. 1, electrically conductlve track 5 would be the
working electrode, and electrically conductive track 6 would be a coun_ter electrode or

- reference electrode. Track 6 would be a reference electrode if made of typical _.r,eference'

electrode materials, such as silver/silver chloride. In aupreferred embodiment, track Sisa -

- working electrode made of palladium, and track 6is a counter electrode that is also made

of palladium and is substantially the same size as the working electrode
- Three electrode arrangements are also possible, wherein the strip includes an.
additional electrically conductive track located between conductive track 6 and vent hole

. 4. In a three electrode arrangement,'copdirctive track 5 would be a working electrode,

4
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-track 6 would be a counter electrode, and the third electrode between track 6 and vent

_ hole 4 would be a reference electrode.

Overlappmg conductrve tracks 5 and 6 is second msulaung substrate 7. Second -

. insnlatmg substrate Z is made of a similar, or preferably the same, material as first

“insulating substrate 1. Substrate 7 has a first surface 8 and a second surface 9. Second
- surface 9 is affixed to the surface of substrate 1 and conductive tracks 5 and 6 by an

adhesive, such as a hot melt gine. ‘An example of such glue is DYNAPOL S-1358 glue,
available from Hiils America, Inc., 220 Davidson Street, PO Box 6821, Somerset,‘ NJ

. 0887_3.' Substrate 7 also includes first opening 10 and second opening 11. First opening

_I_Q exposes portions of conductive tracks 5 and 6 for electrical connection with a meter,
‘which measures some electrical property of a test sample after the test sample is mixed

with the reagent of the test stnp Second opening 11 exposes a different portion of

' ’conductlve tracks 5 and 6 for apphcatlon of test reagent 12 to those exposed surfaces of

‘_tracks 5and 6. (InFig. 1, the entire width of conductive tracks 5 and 6 are exposed by

“conductive track 6, which is either a counter electrode or a reference electrode, as long as

. 4t least about 10% of the width is exposed by opening 11.) Additionally, second
‘ .insu'lating substrate 7 includes indentation 19, which coincides with indentation 2 as

shown in Fig. 1. _
Testreagent 12is a reagent that is specrﬁc for the test to be performed by the test

strip. Reagent 12 may be applied to the entire exposed surface area of conductive tracks

5and 6in the area defined by second opening 11. Other appllcatlons of reagent 12 in this

*- region are also possible. For example, if conductive track 6in: tlns regron ‘of the strip has
‘a 'reference electrode construcuon, such as silver/silver chloride, then test reagent 12 may

only need to cover the exposed area of working eleen'ode 5 in this region. Further, the

entire exposed area of an electrode may notneed to be covered with test reagent as long

as a well defined and reproducible area of the electrode is covered with reagent.

" Overlaying a portion of first surface 8 and second opening 11 is roof 13. Roof 13-
"includes indentation _L4_ and notch 15. Indentation 14 and notch 15 are shaped and
positioned so that they directly overlay indentations 2 and 19, and notch 3.. Roof 13 may
be made of a pi'astic material, such as a transpanm or translucent polyester foil from

_about 2 mil to about 6 mil thiekness.' Roof 13 has first surface 16 and second surface 17.

5
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Swm"“ Surface 17 of roof 13 ic : affived ta firct enrface R of second insulating substrate 7
bya suxtable adhesive, such as 3 M 9458 acrylic, available from 3M, Iden'uﬁcatxon and
Converter Systems Division, 3M Center, Building 220-7W—03 St. Paul MN 55144

Preferably, roof 13 further includes transparent or translucent window 18.

N Window 18is dxmensroned and positioned so that when roof 13 is affixed tosecond -

'insulating substrate 7, the window overlays the entire width of conductive track 5 and at
least about ten percent of the width of conductive track 6.
~ Second surface 17 of roof 13, the edges of opening 11, and first surface 22 of

| msulatmg substrate 1 (and conductive tracks 5and 6 affixed to first surface 22 of

- substrate. 1) define a capillary testing chamber. The length and width of this caplllary |
chamber are defined by the length and width of opening 11 and the height of the chamber
is defined by the thickness of second insulting substrate 7.

A preferred test strip may be manufactured as shown by the process 1l]ustrated by
Figs.-3a-3i. - A sheet of insulative substrate material 21 (MELI_NEX 329, 7 mil _thrckness,

available from ICI) is coated on one side with hotmelt adhesive (DYNAPOL §-1358,
" available from Hiils). (F ig. 3a) Sheet 21is cut along line 24, thereby forming first -

| msulatmg substrate 1, coated with adhesive.on ﬁrst surface 22, and second msulatmg
substrate 7, coated wrth adhesive on second surface 9. (Figs. 3b and 3c) First opemng 10
and second opening 11 are created i in substrate 7 by dle punching. (Fig. 3d) Next,
electncally conductive tracks 5 and 6 made of palladium on Upilex backing (avarlable

from Courtalds-Andus Performance Frlms), are unspooled from reels precut to about 1.5

e mrllxmeters w1dth and lard down on surface 22 of substrate 1 so that the prlex backmg is

. 'adjacent to: surface 22. Surface 9of substrate 7 is laid adjacent to surface 22 of substrate

25

30.

1 and to conductive tracks Sand§6, thercby forrmng the sandwich structure shown inFig. .

3e.. This sandwich structure is heat sealed. - S

. Atest reagent 12 is then dlspensed into opening 11 11 and dried. (Flg 3f) After
reagent’_l_z_ is dried, vent hole 4 is created by a die punch. (Fig. 3g) Next, roof 1_3_, which
includes hydrophilic coating 25 and window 18, is laid down over opening 11ina

" manner such that window 18 overlaps the entire width of conductive track 5 and about
" one halfof the width of conductivc track 6. Roof 1_3_ is released from a release liner and
- adhesively affixed to surface 8 as shown‘in Fig. 3h. '
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Finally, individual test strips are punched out by a die punch as shown in Fig. 3i.

- The die punch may punch out test strips with or without notch 15. If notch 15 is included,

the preferred angle of the vertex is 105°. Other angles, such as from about 45° to about
105°, are also po_ssible for notch 15. Further, notch 15 may be a single notch or multiple

" notches.

‘ As noted above, test reagent 12 is drspensed into the area of the test strip deﬁned
by cutout 11. In the manufactunng process described above, it is preferred to provide
corona treatment of opening 11 before test reagent 12is applied. The application of
corona treatment serves to increase the surface energy of the pbrtion of surface _2_2_ and
conductive tracks 5 and 6 exposed by opening 11, encouraging uniform spreading of

- reagent 12, and to pre-clean the portion of conductive tracks 5 and 6 exposed by opening

11. Pre-cleaning of conductiue tracks 5 and 6 has been found to significantly improve the
performance of the test strip. Corona treatment may be applied at Watt densities rangmg
from about 20 to about 90 watts per centiimeter per second (W/cm/s) with an arc gap of

' about 1 millimeter (0. 040 inch). -

Inthe preferred method, the corona treatinent is applied in blanket form ouer the
surfaces shown in Fig. 3e at the above described watt densmes The treatment is most
effective if apphed within 5 minutes of reagent 12 i2 apphcatxon and is typlcally practiced
within 45 seconds of reagent 12 application.

Itis advantageous to reduce the effects of corona treatment on surface 8 in order to

: ensure that reagent 12 will fully coalesce i in opening 11 and does not have a greater

ammty for surface 8 than for the portlon of surface 22 and’ ‘conductive tracks 5 and 6 -

- exposed by opening 11. A corona dissipation process, which allows for the selective -

30

' reduction of the effects of a blanket corona treatment process, is mcorporated to. reduce
25

the effects of the treatment on areas of the web (the sheet of test strips bemg processed)
outsrde of opening 11. “This corona d1381patxon process cons:sts of applymg a thin film of
deionized water such that the water contacts surface 8, but will not contact: opemngs 10
and 11. Apphcatlon of the thin film of water, which is preferably from about 1. 5 microns
to-about 3.0 microns thickness (about 9.1 grams of water per square meter), may be -
accomplished via wick pad, ﬂe)rographic print, or other commercially availaltle coating

application methods. The thin film of water is then dried from the surface, using forced

convection or infrared methods just prior.to application of reagent 12. The net effect of

7
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thic hn;atm'pnt ic that the surface enerpyv nf surface Ris effectivelv reduced to less than.62

dyne prior to the apphcatlon of reagent 12 12 while the surface of area w1thm opemng 11is

'. mamtamed at it’s post corona treatment surface energy.

In the preferred embodlment, test reagent 12 is formulated for the measurement of

gltxcbse in a human blood sample. A protocol for the prepa:atnon ofa hter of a preferred

-glucose reagent utilizing the enzyme quinoprotein (pyrrolofquinolin_e quinone (PQQ)-

containing) glucose dehydrogenase and the redox mediator ferricyanide is shown
immediately below. (Quinoprotein glucose dehydrogenase is Enzyme Commission No.
1.1.99.17.) |

Step 1: Prepare a solution of NATROSOL in deionized water. ‘This is accomplished by

 adding 0.45 grams (g) of NATROSOL-250M (a microcrystalline hydroxyethylcellulose

| aveilable from Aqualon) to 414g of deionzied water while stirring at a speed of no less
than 250 revolutions per minute (rpm) for a penod of no less than 30 minutes. Mixing is

5 best accompllshed with an overhead rotating 1mpeller usmg a three or four bladed turbine

type propeller. The selection of propeller size and conﬁguratton is largely based on the -
radius of the mixing vessel being used. The selected prope,_ller:wlll typically have a radius

: greeter than 75% of the _radius. of the mixing vessel. =

Step 2: To the solution from Step 1, 5.6g of AVICEL RC-591F (a microcrystalline
cellulose available from FMC Corp.) is dispersed by gradually adding this AVICEL to the

- solution whilemix’ing at aispeed -'of no less than 570 rpm for no less than 60 minutes.

Step 3: To the mixture from Step 2, 8 4g polyethylene ox1de (300 kllodalton mean

: molecular ‘weight) is added gradually whtle mixing ata speed of no less than 690 rpm for
~ “-aperiod of no less than 45 minutes.

' Step 4: A buffer solution is prepared by adding 12.1g of monobasic potassium phosphate

 (anhydrous) and 21.3g of dibasic potassium phosphate (anhydrous) to 450g of deionized

water,
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~ Step 5: A 50g aliquot of the buﬁ‘e;'solutien is removed from the préparation of Step 4.

To this 50g aliquot, 12.5mg of coenzyme PQQ (evailable from Fluka) is added. This -
solution is stirred until the coenzyme is completely dissolved. (A magnetic stu bar and

" magnetic stir plate are preferred for enzyme preparation.)

: s’tep 6: To thé‘so]utidn from Step 5, 1:21 million units of the apoenzyme of quinoprotein

' _ 'glucose dehydrogenase is-added gradually wh11e stirring at alow speed (less than 400 pm -

on a magnetlc stir plate) to prevent foammg The resultmg solution is mxxed for no less
than 2 hours to allow the association of the enzyme and coenzyme to stabxhze thereby
resultmg ina solu'uon of quinoprotein glucose dehydrogenase

Stepi 7: To the buffer solution from Step 4, 59.1g of potassium ferricyanide‘ is added.

- Next, 6.2g of sodium succinate is added. The resulting solution is mixed until all solutes

are completely dlssolved After dissolution, the pH of the solution is assessed and is
reqmred tobe approxxmately 6.76 plus or minus 0.05.

Step 8: The solution from Step 7is gradually mcorporated into the mixture ﬁ'om Step 3,
while mixing at a rate of no less than 190 rpm

'Step 9 To the mxxture from Step 8, 20g trehalose is added, whxle mxxmg at a rate of no |

: more than 190 rpm for a penod of not less t.han 10 minutes,

* Step “10 0.35g of TRITON X-100 surfactant, available from Bdehﬁnger Mannhéim -
- Blochexmcals, is added to'the mixturé from Step 9, while mixing at a rate of no more than

' 190 rpm. Thxs mixture must continue rmxmg for no less than 5 mmutes

Step 11: The enzyme solution ot Step 6 is added to the mixture from Step 10 and the
now complete reagent is mixed at a rate of no less than 190 rpm for a period of no less

" than 30 minutes.
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Sten 12: The reagent can 'now‘ be filtered, as needed by the manufactuﬁng equipnient, by

passmg it through a 100 nncron sieve bag or through a 100 micron ﬁlter mtegml toa

pumping system. -

The ta‘poenzyme ef quinopfotein glucose dehygIOgeriase specified above, is
btamed from Boehringer Mannheim GmbH in Germany (Boehringer Mannhelm GmbH
identification number 1464221). Alternatlvely, this apoenzyme may be obtained from
Acmetob‘acter Calcoaceticus by the following protocol, recited in Duine et al., E_Eﬁ

,Letters vol. 108 no. 2, pps. 443—46

Acmetobacter Ca]coacet:cus are grown ona mmeral salt medium supplemented

with 0.02 molar (M) sodium succinate or 0.10 M ethanol at 22° C with good aeration.

The cells are harvested at the end of the logarithmic phase anda wet—cell yxeld of ~ 4g/1
‘can be obtained.

Frozen cells (1 Og) are thawed and m1xcd thh 15 mllhhters (ml) of 36 mllhmolar

| (mM) Tris/39 mM glycme buffer. After adding 6 lmlhgrams (mg) lysozyme, the -

suspension lS stirred at room temperature for 15 min. and centrifuged for 10 min. at -
48,000 X g The supernatant is discarded and the pellet extracted twwe with 36 mM

C Tris/39 miM glycine buffer, containing 1% TRITON X-100 surfactant The supematants

20

~of the centnfugauon steps are combined and used immediately.

The cell-free extract is added to a , DEAE- Sephacel column (13 X 2.2 centxmeters
(cm)), equilibrated with 36 mM Tris/39 mM glycine buffer, containing 1% TRITON X-
100 surfactant and the column is washed with the sarhe buffer. The enzyrne does not

“adhere to the column material and the combined active fractlons are tltrated thh 2M

" acetic acid to pH 6.0. This solution is added 1mmed1ately to a column of CM-Sepharose

- 25

-30-

CL-6 B (5 X 1 cm), ethbrated with 5 mM potasgmm phosphate (pH_ 6.0). After
washing the column w1th the same buffer until no TRITON X-100 surfactant is present in

. the eluate, the enzyme is eluted with 0.1 M potassium phqsphate (pH 7.0).

" The enzyme is then dialyzed against 0.1 M sodium acetate (pH 4.5), containing 3
M potéssium bromide at 4° C for 72 hours. The enzyme is then dialyzed agamst 0.02M
potassium phosphate (pH 7.0) for 12 hours, resulting in the apoenzyme.
In the prefeired test strip, opening 11 is about 3.2 millimeters by about 6.7

" millimeters. In the preferred embodiment of a glucose test strip, 4.5 microliters of test

10
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B reagent made by the above protocol is added to opemng 11. (See Flg 3f) This amount of

reagent will substantlally cover the exposed surfaces of conductive tracks 5and 6 i in

: openmg 11. Test reagent 12 is then dried at about 70°C for about 1 to 2 minutes.

~ The resulting, preferred dned glucose reagent film will contain from about 2 000

to about 9,000 units of enzyme activity per gram of reagent. The preferred reagent will

contain the following additional components per gram of reagent:

62.2 milligrams (mg) polyethylene oxide |
3.3mg NATROSOL 250M
41.5mg AVICEL RC-591 F
89.4mg monobasic potassium phosphate

157.9mg dibasic potassium phosphate

437.3mg potassium ferricyanide i_

46.0mg sodium succinate

148.0mg trehalose

_ 2. 6mg TRITON X-100 surfactant. -

B Importantly, mcludmg from about 0.2% by weight to about 2% by werght
polyethylene oxide having a mean molecular weight from about 100 krlodaltons to about
900 kilodaltons, and preferably about 0.71% by welght polyetbylene oxide having a mean
molecular weight of 300 kilodaltons, in the wet reagent referred to above provides a test
reagent that, when dried, is sturdier to strip processing steps, such as mechanical

A punching, sturdier to mechanical manipulation by test strip user, and that will rediseolve

or resuspend When an aqueods sample, 'sueh as human blood, is added to it.- After drying,

- the percentage of polyethylene oxrde ranges from about 1.75% (welght.welght) to about
" 17.5% (weight: wexght) In'the preferred, dried reagent, the percentage of polyethylene

ox1de is about 6.2% (weight:weight).

The preferred, dried, glucose reagent film thicknéss will be such that, in
combmatlon wrth the mherent properties of the test chemistry, the sensitivity of the test to

interference from hematocrit variation is mitigated. In this preferred embodiment of the
‘ invention, the film thrckne'ss (as gauged by the ratio of wet reagent dispense volume to the

surfaee area exposed by opening 11) is such that 4.5 microliters of reagent is dlspensed
into ‘an area of approximately 22.5 square millimeters (the preferred area of opening 11).
Including polyethylene oxide from about 100 kilodaltons to about 900 kilodaltons mean

11
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molecular weight in a film with the thickness described above, results in a sensor -

_possessing a reduced sensitivity to hematocrit variation when glucose is measured from a

human blood sample.

* After test reagent 12 is dried in opening 11, 11, roof 13 is laid over openmg 11 and

: adhesrvely affixed to surface § as desenbed above. Roof 13 itself is made in a separate

' process according to procedures descnbed below.

- Preferably, roof 13is made of MELINEX 561 polyester foil, havmg a thrckness of -

- 5 m11 A substantially opaque ink is printed on first surface 16 in pattern 27 27 such that

wmdow 18 remains transparent or translucent. The window is posmoned and

dunensroned so that when the roof is afﬁxed to surface 8, it wﬂl align with opening 11 las

o showanlg 3h.

15

20

" On second surface 17, an adheswe system is la:mnated in order that the roof may
be ultimately affixed to surface 8. This adhesive system can convemently be an acrylic

adhesive such as avallable from many commercial sources, but preferably part number

" 9458 from 3M Inc.

In addmon, prior to placmg the roof on surface 8, a piece of coated transparent or
translucent plastlc, preferably a polyethylene terephthalate (PET), such as Melinex S

.. plastic from about 0.001 to about 0. 004 inch thick, is placed agamst the adhesrve system

on second surface 17, and ahgned wnh, and extending beyond the drmensmns of wmdow
18 Thls coated plastic is hydrophilic coatmg 25. Coatmg 25is specrﬁcally chosen to

o lmpart a hydrophlllc nature to the mtemal surface of the capxllary test chamber to

25

- encourage flow of an aqueous sample, such as. blood, mto the test chamber Coatmg 25

- canbe chosen from many avmlable coatmgs desrgned to present a hydroplnhc surface, but
B product number ARCARE 8586 avallable from Adhesives Research, Inc,, is prefen'ed o
- Coatmg 25 also acts to prevent direct contact of the roof’s adhesrve to reagent 12 12 '

B Finally, roof 13 is placed onto surface 8. (See Fig. 3h) Iti isat thlS stage that the

_ transparent or translucent wmdow 18 defined by the absence of prmted ink onroof 13

* . must align with opening 11 as shown in Fig. 3h. The dimensions of transparent or

e txanslucent window 18 should be chosen such that a substantial fraction of the width
30

(greater than about 75%) of the underlymg capillary channel is visible through window
18. The orthogonal dimension of wmdow 18 should expose the entire w1dth of the

" workmg electrode 5. Therefore, when a sample, such as blood, is mtroduced into the -

12
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o capiilary test chamber, through sample application port 20, it is possibte"fot auserof

10

' reasonable visual acuity to determine if the window is entirely full of the sample. By

choosing the window dimensions as just stated it is possible to provide feedback '_fer the
user of the test strip that the strip has been sufficiently dosed with a test sample. Visual
confirmation of the window being full provides assurance that a sufficient area of the

- working electrode is covered with sample and that a sufficient part of the counter or’

reference electrode 6 is also covered. This coverage of the electrodes by the test sample is -
importarlt to achieving an accurate test in a capillary-fill electrochemical biosensor . This
visual confirmation of sufficient dosingvof the test strip provides a safeguard against
erroneoue test results due to undetected underdosing of the test strip. |
» Completed test strips 26 are used in conjunction with a meter capable of
measuring 'seme electrical property of the test sample after addition of the test sample to
’ semple application port 20. (See Fig. 2) The electrical property being measured may be,

- for example, electrical current, electncal potentlal electrical charge, or lmpedance An

15

20

30

: example of measuring changes in electncal potential to perform an analytxcal test is

V-lllustrated by U.S. Patent No. 5,413,690, the disclosure of which is hereby mcorporated '

' by reference

. An example of measurmg electrical current to perform an analytlcal test is |

- illustrated by U. S. Patent Nos. 5,288,636 and _5,508,171, the disclosures of whlch are

hereby iﬁedrporated by reference. :
In the preferred embodiment, test strip 26 is connected to a meter, which includes

a power source (a battery) Improvements in such meters and a biosensor system can be

" found in U. S. Patent Nos. 4,999,632; 5,243, 516 5,366, 609; 5352,351 5405 511 and

5 43 8,271 the dlsclosures of which are hereby mcorporated by reference
Many analyte-contammg ﬂulds may be analyzed by the electrochemxcal test strip

of the present invention. For example, analytes in human body fluids, such as whole
blood, blood serum, urine and cerebrospinal fluid may be measured. Also, analytes found
in fermentation products and in environmental substances, which pbtentiallj contairi
environmental contammants may be measured. '

. For determining the concentration of glucose in a human blood sample with the
preferred test strip recited above, wherein tracks 5 and 6 are palladium of substantially

the same size and the glucose reagent is the reagent specified above, a blood sample may

13



10,

15 -

20

wosss2 . .  PCT/US98R25554

ha -_\AAAA tn camnln o_mnlmnhrm nart 70 Thp cnmnlp will he drawn inta the test rhamhpr

by capillary action. Once inside the test chamber, the blood sample will mix with test

‘reagent 12. After an incubation period of some desired time, for example, 30 seconds, a

potential dlﬁ’erence will be applied by the power source of the meter between tracks 5 and
6. In the preferred embodiment, the apphed potential difference is 300 millivolts.

Current may be measured at any time from 0.5 seconds to about 30 seconds after the -
potentral difference of 300 millivolts is applied. The measured cuxrent may be correlated -
'to the concentration of glucose in the blood sample.

The current measured during the assay of an analyte ﬁ'om a fluid sample may be
correlated to the concentration of the analyte in the sample by application of an algorithm
by the current measunng meter. The algorithm may be a simple one, as illustrated by the
following example: )

" [Analyte]=Ciqs +d -

wherein [Analyte] represents the concentration of the analyte in the sample (see Fig. 6);
ijsis the current (in microamps) measured at 7.5 seconds after application of the
potentlal difference app]red between the electrodes, Cis the slope of line 30 (F ig. 6), and
d is the axis intercept (Fig. 6). _

= By making measurements with known concentratlons of analyte cahbratlon curve
30 (Fig. 6) may be constructed This calibration will be stored in the Read Only Memory
(ROM) key of the meter and will be applicable to a particular lot of test strips. Lines 31
and 32i in Fig. 6 represent other hypothetxcal calibration curves for two other different lots

. of test stnps Cahbratlon for these biosensor lots would generate shghtly dlﬁ'erent values A

25

30

forC and d in the above algonthm

Ina preferred method for analysis of glucose from a sample of human whole -

’ blood, current measurements are made at 0.5 second intervals from 3 seconds to 9

seconds after the potennal difference is applred between the electrodes. These current

measurements are corrclated to the concentratron of glucose in the blood sample..

' In this example of measurmg glucose from a blood sample, current measurements
are made at different times (from 3 seconds to 9 seconds after application of the potential
difference), rather than at a single fixed time (as described above), and the resulting

algorithm is more complex and may be represented by the following equation: :

14
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[Glucose] Ci1i)+Cy ip +C3iz+..Cpi ‘n + d wherexn 1y is the current

" measured at the first measurement time (3 seconds aﬁer apphcatlon of the 300 xmlhvolt

- potential differénce), ip is the current measured at the second measurement time (3.5

. seconds after application of the 300 millivolt potential difference), 13 is the current

measured at the third measurement time (4 seconds after application of the 300 miliivolt

potential difference), iy, is the current measured at the nth measurement time (in this

~ example, at the 13th measurement time or 9 seconds after appllcatlon of the 300 millivolt

»potenhal dlfference), Cl, Ca, C3, and Cy are coefﬁcxents derived from a multlvanate

regressmn analy51s techmque such as Pnnclple Components Ana1y51s or Partial Least
Squares and d is the regression intercept (in glucose concentratxon units).

Alternatively, the concentration of glucose in the sample being measured may be

_determined by integrating the curve generated by plotting current, i, versus measurement

time over some time interval (for example, from 3 seconds to 9 seconds after application
of the 300 millivolt potential difference), thereby obtaining the total charge transferred
‘during the measurement penod The total charge transferred is directly propomonal to

- the concentration of glucose in the sample being measured

- Further, the glucose concentration measurement may be corrected for differences
between environmental temperature at the time of actual measurement and the
environmental temperature at the time calibration was performed. For example, if the
calibration curve for glucose measurement was constructed at an environmental -

temperatlne of 23°C,_ the glucose measurement is conebted by using the following '

N equatlon -

[Glucose]cmd [Glucose] measured X (l-K(T -23°C)), wherem Tis the R

envnonmental temperature (in °C) at the txme of the sample measurement and K is a

constant derived from the followmg regression equation:
= K(T'23)s

: Whereinv

'A[Glucos‘ﬂ measured at 23°C ~ [Glucose]measured at T°C -

[Gluco_se]measmed aTC.

15
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n 'nn;ipr to mlmﬂme ﬂﬁ» vélue of K. each ef a multinlicity of ghicose cnﬁcéntrafinnﬁq
' measured by the meter at vanous temperatures, T, and at 23°C (the base case) Next, a.
lmear regression of Y on T-23 is performed. The value of K is the slope of this -
~ regression. _
‘Various features of the present invention may be incorporated into other electrochemiceﬂ
test smps, such as those dlsclosed in U.S. Patent Nos. 5,120,420; 5, 141 ,868; 5,437, 999
5, 192 415 5 264 103 and 5 575 895, the disclosures of which are hereby mcorporated by -

reference

- 16
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CLAIMS

1. Atest stnp, comprising; _
-a first insulating substrate having first and second surfaces, an mdentatlon along
_anedgeand a vent hole; - - . ,

at least two electncally conductive tracks affixed to the first surface of the ﬁrst
insulating substrate; A

a second insulating substrate having first and second surfaces, an indentation -

 similar to the indentation of the first insulaﬁné substrate, and firstand

second openings, the second surface being affixed to the conrluctive tracks
and the first surface of the first insulating substrate and oriented so that the
indcntation of the sécond insulating substrate overlays the indentation of
the ﬁrst irlsulating substrate, the first opening expos_ing a portion of the
conductive tracks for electrical connection to a meter capable of measuring
an electrical property, the second opening exposing a different portion of
the conductlve tracks and the vent hole; ’

. atest reagent overlaying at leasta portlon of the conductive tracks exposed by the
second opening; and i '

a roof havmg first and second surfaces and an indentation that i is similar to the
mdentatxons of the first and second insulating substrates, the second
surface of the roof being affixed to the first surface of the second

insulating substrate and position so that 1) the second surface of the roof
and the surface of the'first insulating substrate form opposing walls of a
- capillary fill chamber and 2) the indentation of the roof overlays the
B mdentatrons of the first and second insulating substrates.

2.7 ‘A test strip, compnsmg
a first insulating substrate havmg first and second surfaces, a notch along an edge
and a vent hole;
at least two electrically conductive tracks affixed to the first surface of the first
' insulating substrate; | '

17
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3 :xc..a |nmrlohng cnl-\cfrntp hmnnn firct anrl epcond anﬁwpc am‘l ﬁrct :md cm-nnd

" openings, the second surface being affixed to the conductive tracks and the
first surface of the first insulating substrate, the first opening exposing a
portion of the conductive tracks for electrical connection to'a meter
~ capable of measuring an electrical property, the second opening exposing
_" a different portion of the conductive tracks, the notch in the ﬁrs_t insulating
substrate, and the vent hole; A | _
a test reagent overlaying at least a portxon of the conductlve tracks exposed by the
second opemng, and
aroof havmg first and second surfaces and a notch along an edge the second
. surface of the roof being affixed to the first surface of the second
- insulating substrate and posmoned so that 1) the second surface of the
_roof and the ﬁrst surface of the first insulating substi'ate form opposing
walls of a capillary fill chamber, and 2) the notch in the roof overlays the
notch in the first msulatmg substrate, . _ .
whereby the notch in the roof and the notch in the first msulaung substrate will
- cause a liquid aqueous sample, when touched to the edge of the test strip at
the second opening in the second insulating substrate, to flow into the

capillary chamber without significant hesitation.

3. Ateststrip, compnsmg
4 first insulating substrate having first and second surfaces and a vent hole »
“at least two electrically conductive tracks afﬁxed to the first surface of the first

insulating substrate; _

T a seCo_nd msulatmg substrate having first and second surfaces and first and seco'nd
openings, the second surface being affixed to the conductive tracks and the

- first surface of the first insulating substrate, the first opening exposing a-

‘portion of the electrically conductive tracks for electrical connection
t0 a meter capable of measuring an electncal property, the second openmg
exposing a different portion of the ﬁrst and second electrically conductive
tracks and the vent hole; '

18
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atest reagent overlaymg at least a portion of the first and second electncally
‘conductive tracks exposed by the second opening; and .
a roof having first and second surfaces and a transparent or translucent window,
the second surface of the roof being affixed to the first surface of the -
. second insulating snbsttate and positioned so that the second surface of the
roof and the first surface of the first insulating substrate form opposing
- walls of a capillary fill chamber, and the tra.nsoarent or translucent yvindow :
being dimensioned and positioned so that the window extends from the
~ edge where a test sample will be applied to the test strip, overlays the
" entire width of one of the electrically conductive tracks end at least ebout
ten percent of the'width of the other elecﬁ'i(:ally conductive track

4. A reagent for a test stnp, comprising:
" reaction components appropriate for performing a test, and a dissolvable or
suspendable film forming mixture including from about 0.2% by weight to
: about 2% by wexght polyethylene oxide having a mean molecular weight
_ from about 100 kllodaltons to about 900 kilodaltons,
- wherem the reagent may be applied to the test strip in a wet form, may be »
-- subsequently dried, and then redissolved or resuspended upon addition of

an aqueous test sample to the dried reagent.

5. The test strip of claxm 1, further compnsmg

;

. afirstnotch along the mdentatlon in the first msulatmg substrate, and a notch
‘along the mdentatnon in the roof, both first and second notches being -

positioned so that they’ overlay one another.

6. The test strip of claim 1, wherein the roof has a transparent or translucent windovy,
yvhich_ is dimensioned enol positioned so that the >Window overlays the entire width
of the electrically conductive track that is closest to the indentation of the first
insulating substrate and at least about ten percent of the width of the other’
electrically conductive track. ' '

19
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7. The test sfn_-p of claim 5, wherein the roof has a transparent or nanélncent window,
which is dimensioned and posiﬁoned so that the window overlays the entire width
. of the electrically conductive track that is closest to the indentation of the first
| insulating substrate and at least about ten percent of t.he width of the other
electrically conductive track. '

.-8. - The test strip of claim 1, wherein the test reagent includes reaction compenents

o »appro.p'riate for performing a test, and a dissolvable or suspendable film forining
- mlxture including from about 0 2% by weight to about 2% by weight |
o polyethylene oxide having a mean molecular weight from about 100 klloda]tons
- to about 900 krlodaltons
wherein the test reagent may be applied to the test strip in a wet form, may be
' subsequently dried, and then redissolved or resuspended upon addition of
an aqueous test sample to the dned reagent.

9, The test stnp of clann 5, wherem the test reagent includes reactlon components
appropriate for performing a test, and a dissolvable or suspendable film forming
- mixture including from about 0.2% by weight to about 2% by weight

polyethylene oxide having a mean molecular weight from about 100 kilodaltons
to about 900 kilodaltons, |

herem the test reagent may be apphed to the test strip in a wet form, may be

' subsequently dried, and then: redrssolved or resuspended upon addltlon of
e an aqueous test sample to the dned reagent

10, The test strip of claim 6, wherein the test reagent includes reaction components

" appropriate for performing a test, and a dissolvable or .suspendable film forming
" mixture including from about 0.2% by weight to about 2% by weight
. polyethylene oxide having a mea_,n.molecular weight from about 100 kilodaltons -
to about 900 kilodaltons; -
' _wherem the test reagent may be applied to the test strip in a wet form, may be
subsequently dried, and then redissolved or resuspended upon addition of

an aqueous test sample to the dried reagent.

20



WO 99/30152 '

10

15

20

-25

30

PCT/US98/25554

‘,l 1. The test strip of claim 7, wherein the test fea'gent includes reaction 'cotnpo'ner'its -

12.
14.
-15.
16.
17.

18.

. appropriate for performing a test, and a dissolvable or suspendable film forming
 mixture including from about 0.2% by weight to about 2% by weight

: polyethylene oxide havmg a mean molecular weight from about 100 kx]odaltons

to about 900 kilodaltons, '

‘wherein the test reagent may be applled to the test strip in a wet form, may be

subsequently dried, and then redissolved or resuspended upon addition of

" an aqueous test sample to the dried reagent.

The test stnp of claim 1, wherein the second surface of the roof includes a

: h'ydrophilic coating.

The test strip of claim 5, wherem the second surface of the roof mcludes a

hydrophlhc coatmg

The test strip of claim 6, wherein the second surface of the roof includes a
“hydrophilic coating. ' '

The test strip of claim 7, wherein the second surface of the roof includes a

* hydrophilic coating.

The test strip of claim 8, wherein the second surface of the roof includes a
. hydrophilic coating. S -

“The test stnp of claim 9 wherein the second surface of the roof xncludes a.

hydrophlllc coatmg

The test strip of claim 10, wherein the second surface of the roof includes a

hydrophilic coating.
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s'..r"ece of the reof fincludesa

. 20. The test st'n'p‘ of claim 7, wherein the test reagent includes reaction components |

appropriate for the test, and a dissolvable or suspendable film forming mixture

including from about 0.2% weight to about 2% by weight polyethylene oxide

- having a mean molecular weight of 300 kilodaltons.

~ 22. A reagent for a test strip, compnsmg

21 . The test strip of claim 20, wherein the polyethylene oxide is about 0.71% By weight.

reaction components appropnate for perfomnng a test and from about 1.75% by’

weight to about 17.5% by weight polyethylene oxide having a mean

molecular weight from ‘about 100 kilodaltons to about 900 kilodaltons,

wherein the reagent will redissolve or 'resuspend upon addition of an aqueous test

sample to the reagent.

23. The test strip of claim 1, wherein the test reagent mcludes

reaction components appropnate for performing a test and from about 1 75% by

weight to about 17.5% by weight polycthylene oxide having a mean-
molecular weight from about 100 kilodaltons to about 900 kllodaltons

- wherem the reagent will redissolve or resuspend upon addxtlon of an aqueous test

. sample to the reagent

24 The test stnp of claim 5, wherein the test reagent mcludes

reactlon components appropnate for performmg atest and from about 1 75% by
weight to about 17.5% by wenght polyethylene oxlde havmg a mean
molecular weight from about 100 kilodaltons to about 900 kilodaltons,

, Wher‘ein the reagent will redissolve or resuspend upon_.addition of an aqueous test

sample to the reagent. -
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25 The test strip of claim 6, wherem the test reagent includes
reaction components appropnate for perfonmng a test and from about 1 75% by
weight to about 17.5% by weight polyethylene oxide having a mean
~ molecular weight from about 100 kilodaltons to about 900 lulodaltons
wherein the reagent w111 redissolve or resuspend upon addition of an aqueous test

" . sample to the reagent

26 The test stnp of claim 7, wherein the test reagent mcludes '
' reacnon components appropriate for performing a test and from about 1 75% by
weight to about 17.5% by weight polyethylene oxide havmg amean
‘ molecular weight from about 100 kilodaltons to about 900 kilodaltons,
" wherein the reagent will redissolve or resuspend upon addition of an aqueous test

sample to the reagent.

27 The test strip of claim 26, wherem the mean molecular welght of the polyethylene
-~ oxide is 300 kilodaltons.

- 28. The test strip of claim »27>, wherein the amount of polyethylene oxide in the reagent is

ab_out 6.2% by weighp

29. A method of selectlvely mcreasmg the hydrophlhclty of a surface by corona
treatment, compnsmg _ , , .
1 applymg to the surface a corona arc at a watt densnty from about 20to about 90
" watts per centimeter per second _
o then selectively applymg a ﬁlm of water to the area wherem reversmg the eﬁ‘ect_
of corona treatment is desu‘ed and

" then removing the water by drying.

" 30. The method of claim 29, wherein the film of water is applied at a thickness from

30

about 1.5 microns to about 3.0 microns.

" 31. The method of claim 30, wherein the water is deionized water.

23
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32 The method of claim 31, wherem the corona arcis apphed at a dlstance of about '
h ' 0 040 mch from the surface. -

24
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